Background: Physical activity has been found to play a role in cancer prevention. The purpose of this matched case-control study was to investigate the association between physical activity levels, water intake, constipation and colorectal cancer (CRC). Materials and Methods: Two hundred and thirty-two patients diagnosed with CRC (125 male, 107 female) were enrolled in this case-control study. Cases were matched to 271 population controls (137 male, 134 female). Results: Drinking more than 4 cups of water daily decreased the risk of CRC by 33-42%; however, this effect was non-significant. Having constipation was found to be a significant risk factor for developing CRC with an OR=6.284 (95%CI=2.741-14.40). With reference to sedentary behavior, minimum activity (600-3000 Metabolic Equivalents Task (MET)) had 43% protection against CRC and the level of Health Enhancing Physical Activity OR was 0.58 (at 95%CI; 0.37-0.92) /week (p for trend=0.017 and  0.03, respectively) . Among females, a significant trend of reduction in CRC by 62% was observed with increasing the level of physical activity expressed in MET (p for trend=0.04). Conclusions: The risk of CRC may be reduced by adopting a healthy lifestyle and practicing physically activity regularly, especially among females. Consuming adequate amounts of water and healthy bowel motility could also reduce the risk of CRC.
Introduction
Globally, the most commonly diagnosed cancers are those of the lung, colorectal and breast. World health organization (WHO) estimates that there will be 20 million new cancer cases and 12 million cancer deaths by the year 2020 (WHO, 2003) . In Jordan, cancer is a major cause of morbidity and mortality, and it is considered the second cause of death in Jordan. Cancer of colon and rectum ranked second for all new cancer cases among Jordanians; first among men and second among women according to the National Cancer Registry (2009) .
Although about 5-10% of cancers result directly from inheriting genes associated with cancer, majority of cancers involves alterations or damages accumulated over time to the genetic material within cells. However, the causes of damage to the genetic material are both endogenous and exogenous. The exogenous factors include food and nutrition, tobacco smoking, and physical inactivity (World Cancer Research, 2007) . Lifestyle characterized by low physical activity may result in a positive energy balance and weight gain (Marchand et al., 1997) . The role of physical inactivity and obesity in CRC prevention have been shown CRC in several studies (Whittemore et al., 1990; Marchand et al., 1997; Nilsen and Vatten, 2001) .
Nowadays, interest in physical activity as a preventive factor of cancer is increasing. However, physical activity is one of environmental factors that can be modified through lifestyle/behavior change (Friedenreich and Orenstein, 2002) . It is recommended to participate in moderate physical activity for at least 30 minutes every day and to limit sedentary habits (World Cancer Research, 2007) .
Many studies divided the physical activity into occupational and recreational (Thune and Lund, 1996; Marchand et al., 1997; Simons et al., 2013) . Thune and Lund (1996) and Marchand et al. (1997) documented that both occupational and recreational physical activities were inversely associated with colon cancer risk. Simons et al. (2013) found that the risk of distal colon and rectal cancer was decreased with higher occupational activity and lower occupational sitting hours, in men.
To the best of our knowledge, the association between physical activity levels and CRC risk has not been evaluated in Jordan. Therefore, this case-control study was conducted to investigate the possible association between CRC and physical activity (total of occupational and recreational) expressed by Metabolic Equivalents Tasks (METs) among a sample of CRC patients in Jordan. In addition, the association between CRC risk and constipation frequency and amount of water consumed daily was investigated.
Materials and Methods

Participants and data collection
This case-control study was conducted in Jordan between January 2010 and December 2012. Two-hundred and fifty seven CRC patients were invited to participate in the study. However, two-hundred and thirty two Jordanian patients [125 male, 107 females; mean age 53.3 (±0.78) years] with a medical report confirming the diagnosis of CRC accepted to be included in the CRC group. The control group was made up of 271 individuals [137 male and 134 female with mean age 51.8 (±0.63) years] without CRC, who were randomly selected from the community For each case a control matched for age, gender, occupation and marital status (only for females) was randomly selected.
The inclusion criteria in this study were having Jordanian nationality, aged 18 years or more, able to communicate verbally, and free of diabetes mellitus, liver disease and/or rheumatoid arthritis. For the cases, patients who were diagnosed with CRC within the last year were recruited. The exclusion criteria were critically ill, hospitalized, unable to communicate verbally, and current smoker participants. An informed consent was obtained from all participants.
Cases were recruited from five hospitals that include an oncology center. These hospitals were King Hussein Cancer Center, King Abdullah University Hospital, Prince Hamzeh hospital, Jordan University Hospital, and Al-Basheer Hospital. Institute Review Board approval from each hospital was obtained for conducting the research. A private room with good physical conditions was specified to carry out the interviews to facilitate data and samples collection. The data of this study was obtained by completing two questionnaires; personal and physical activity questionnaires. The two questionnaires were completed during face-to-face interview by trained research assistants.
Personal questionnaire:
The personal questionnaire composed of questions related to age, gender, marital status, education, employment, family income/month, residency area and house condition, smoking status, medication and previous and current health problems including constipation. Constipation was defined as a bowel movement frequency of less than once daily. Amount of water the participants used to drink daily was also questioned.
Body weight and height were measured and BMI was calculated. Those measurements were taken by trained research assistants. Body weight was measured to the nearest 100 g, with minimal clothing and without shoes, using a calibrated portable scale. Height was measured to the nearest cm with the subject in the full standing position without shoes using calibrated portable measuring rod. Body mass index (BMI) was calculated as the ratio of weight (kilograms) to the square of height (meters) (Lee and Nieman, 2010) .
Physical activity questionnaire:
The 7-day Physical Activity Recall (PAR), developed by Sallis et al. (1985) for the Stanford Five-City Project, has been used in the present study. 7-Day PAR is a structured interview that depends on participant's recall of time spent engaging in physical activity over a seven day period. It covers different levels of physical activity intensity such as aerobic exercise, work-related activities, gardening, walking, recreation, and leisure-time activities. When measuring physical activity, it is necessary to consider the frequency, intensity, time, and type of the physical activity. PAR interview focuses on collecting data on intensity, time or duration, and type of activity. Although the specific type of activity is not recorded, the PAR differentiates between occupational physical activities, such as stocking shelves, and construction work, and leisure activity (i.e., all other physical activities that are not done during paid work hours).
The number of hours spent in different activity levels were obtained and converted into MET. Average MET for walking=3.3METs, for moderate activity=4.0 METs, for vigorous activity=8.0. The score expressed as METmin per week was calculated as shown in the following equation: (MET level5minutes of activity/day5days per week). Total Physical Activity MET-minutes/week is obtained by METs summation and transfer into categorical analysis; inactive, minimally active and Health Enhancing Physical Activity (HEPA) active. Scoring into categories was performed according to the standard scoring protocol of International Physical Activity Questionnaire (version 2, 2004) . Where inactive category included subjects with activity level that is not enough to meet categories 2 or 3. Minimally active category included subjects who reported 3 or more days of vigorous activity of at least 20 minutes per day; or 5 or more days of moderate-intensity activity or walking of at least 30 minutes per day; or 5 or more days of any combination of walking, moderate-intensity or vigorous intensity activities achieving a minimum of at least 600 MET-min/week. The category HEPA active included any subject who performed vigorous-intensity activity on at least 3 days a week and accumulated at least 1500 MET-min /week or who performed any combination of walking, moderate-intensity or vigorous intensity activities on 7 or more days achieving a minimum of at least 3000 MET-minutes/week. However, total physical activity expressed as MET in hours/week and hours/week, was calculated from moderate recreational activities and walking.
Statistical analysis
Statistical analysis was performed with SPSS IBM-20 software. Chi-square test was used to evaluate the relationship between the personal characteristics and lifestyle variables and cancer. Moreover, odds ratio (OR) Asian Pacific Journal of Cancer Prevention, Vol 14, 2013 5209 DOI:http://dx.doi.org/10.7314/APJCP.2013.14.9.5207 Physical Activity Level and Water Intake Among CRC Cases in Jordan test used to describe the strength of association between the occurrence of CRC and the tested variables. The significance level was set at p=0.05. Models for each measurement of physical activity were adjusted for BMI (Model 1) and for BMI, age, and gender (Model 2). A stratified analysis by gender was also performed for testing the association of BMI and different measures of physical activity and CRC risk.
Results
Demographic and lifestyle characteristics of the study participants are shown in Table 1 . Since this study matched cases with controls for several parameters; including age, gender, education, marital status, and occupation, no significant differences were found between the two groups. Additionally, no significant difference was detected between case and control participants in smoking habit. However, both BMI and physical activity levels were found to be significantly different (p<0.022) as the cases compared to controls. A higher prevalence of overweight and obesity was detected in controls when compared to cases. Table 2 shows that gender, age, education, and smoking did not significantly affect the risk of CRC. However, being male (OR=1.14, 95%CI: 0.80-1.62) or over 50 years old (OR=1.22, 95%CI: 0.86-1.74), increased the risk of CRC. In contrast, having high educational level (OR=0.37, 95%CI: 0.64-1.62) could reduce the risk for developing CRC for about 63%. Table 2 reveals that drinking more than 4 cups of water daily decreased the risk of CRC by 33-42%; although this effect was not statistically significant. In additions, the results show that having constipation was a significant risk factor for developing CRC with OR=6.284 (95%CI=2. 741-14.403 ).
From the present study (not shown in Tables), average total MET per hours in females was 19.1 and 21.1 in cases and controls, respectively. While in males' average total MET was 8.0 hours in cases and 8.8 hours in controls. Multivariable-adjusted risk associated with total physical activity for HEPA versus inactivity was 0.58 (95%CI: 0.37, 0.92) ( Table 3 ). The next analyses examined the effect of total physical activity expressed as hours/week and METhours/week. A statistical significant trend of risk reduction was found in both of physical activity levels expressed in METs and MET-hours/week. The results of the highest versus the lowest levels of both of them (p for trend=0.017 and 0.03, respectively) after adjustment for BMI were found to be protective against CRC significantly. However, further adjustment for age and gender in addition to BMI revealed a risk reduction of CRC by 42% with increasing hours/week spent in physical activity (p for trend=0.078) but not for physical activity expressed as MET-hours/week (p for trend=0.087).
The CRC risk associated with total physical activity was stratified by gender as shown in Table 4 . Among females, a trend of reduction in CRC by 62% was observed with increasing the level of physical activity expressed in MET (p for trend=0.04). 
Discussion
The study aimed to investigate the association between the reported physical activity levels and the risk of CRC among Jordanians. This study found that being above 50 years old is a risk factor for developing CRC. Thune and Lund (1996) reported that the mean age at diagnosis of colon cancer was above 50 years old in both male and female. CRC was ranked the first for all new cancer cases among Jordanian men and the second among women according to the National Cancer Registry (2009). Our study supported that being male increased the risk for developing CRC when compared to females.
In the present study, the highest educational level (MSc and PhD) was associated with 63% reduction in CRC risk. Even though this finding was not significant, the protective effect of education against being illiterate might indicate a possible protective pattern of education. However, showed that controls had significantly higher educational level as compared to colon cancer cases. It could be suggested that education may increase the awareness toward healthful dietary and lifestyle choices and practicing cancer prevention behaviors (Breslow et al., 1997; Alharbi et al., 2012) .
The results revealed that the risk for developing CRC had not been affected by smoking. This could be attributed to the lower number of smokers in our study (87 smokers: 397 non-smokers). Fu et al. (2012) detected a positive relationship between smoking and CRC for both current and former smokers. Additionally, Wu et al. (1987) showed that smokers had higher risks of CRC than non-smokers but not as high as ex-smokers. On the other hand, Peppone et al. (2009) showed no association between long-term cigarette smoking and CRC risk.
A liner protective pattern was found between BMI and the risk of CRC, especially in females. However, obesity has been linked to insulin resistance and hyperinsulinemia. Several possibly causative mechanisms have been suggested; diabetes may slow down bowel transit (Iber et al., 1993) ; production of bile acids that promote colon carcinogenesis may increase (Narisawa et al., 1974; Nakamura et al., 1993) ; and high insulin levels may promote colon tumor growth (McKeown-Eyssen, 1994; Giovannucci, 1995) . The results from studies DOI:http://dx.doi.org/10.7314/APJCP.2013.14.9.5207 Physical Activity Level and Water Intake Among CRC Cases in Jordan about the association between CRC and BMI are matter of controversy. Thune and Lund (1996) found that higher BMI may consider as a risk factor for developing colon cancer, in men only. Campbell et al. (2007) concluded that obesity is associated with colon and rectal cancer only in women but not men. Nilsen and Vatten (2001) study revealed that no association was found between BMI and CRC neither in males nor females of the study. However, the lower BMI among cases which has been detected in this study may reflect the effect of chemotherapy and other therpies that were used to treat cancer patients (Dobrila-Dintinjana et al., 2012) . Sánchez-Lara et al. (2013) showed that gastrointestinal symptoms can lead to weight loss in cancer patients in the presence of persistent nausea, vomiting and anorexia and therefore an early nutritional intervention should be considered (Sánchez-Lara et al., 2013) .
Increased water intake has been reported to be an important factor in reducing CRC risk (Shannon et al., 1996) . In this study, even though the association between CRC and water intake was not significant, consuming more than 4 cups of water daily could affect the risk of CRC negatively. This finding supported by the results of Tang et al. (1999) ; who found protective but insignificant effect of water consumption on CRC risk.
Regarding suffering from constipation and its association with developing CRC, our study shows the risk for developing CRC increases about 600%, OR 6.284 (2.741-14.403). Those results are in agreement with many studies which found an increased risk of CRC in association with a history of constipation (Roberts et al., 1995; Marchand et al., 1997; Kotake et al., 2003) . Kotake et al. (2003) illustrated that constipation was associated with a greater than two-fold risk of colon cancer (OR 2.36; 95%CI=1.41-3.93) adjusted for age, race, sex, and relevant confounders. The association was greater for women (OR 2.69; 95%CI=1.46-4.94) than for men (OR 1.73; .
Several proposed mechanisms explained the association between CRC and constipation. One of them is that fermented bile acids (Reddy et al., 1997) , ammonium acetate (Zarkovic et al., 1993) as well as fecapentaene-12 (Clinton et al., 1988) , which are present in stools, are considered to be carcinogenic particularly the longer contact time they have with the colonic mucosa. The other one stated that constipation may increase the exposure for colon epithelial cells to stools for a longer time, and the significance of developing colon cancer from this exposure has been demonstrated in several animal studies (Ugajin, 1989) .
The findings of our study showed that minimum physical activity (600-3000 METs/week) and HEPA (>3000 METs/week) reduced the risk of CRC significantly by about 43% and 42%, respectively. The protective effect of physical activity on the risk of CRC has been explained by two proposed mechanisms. The first one stated that physical activity stimulates colon peristalsis, and this may reduce exposure to carcinogens (McTiernan, 2008; Simons et al., 2013) . Secondly, physical activity may increase insulin sensitivity and reduce plasma insulin, which therefore may inhibit the growth of cancer cells (Nilsen and Vatten, 2001; McTiernan, 2008; Simons et al., 2013) . Physical activity has been shown consistently to reduce CRC incidence (Peters et al., 1989; Kune et al., 1990; Lee et al., 1991) . Many studies demonstrated very obvious protective effect of physical activity on the risk of CRC, the risk reduction in such studies were found to be 40-70% (Marchand et al., 1997; Steindorf et al., 2000; Boutron-Ruault et al., 2001) . Friedenreich and Orenstein (2002) reviewed the results of more than 50 studies that conducted to assess the association between CRC and physical activity and they demonstrated that physical activity was capable of reducing the risk of colon and CRC up to 70% (averaged 40-50%). found that the greatest protection for both men and women resulted from participation in vigorous activity over the past 20 years. The odd ratio showed a significant dose-response protective relationship between physical activity and CRC risk in females; the OR (CI) was 0.40 (0.17-0.98) for minimum physical activity and 0.38 (0.17-0.86) for HEPA. This could be due to the higher average activity that was detected in females compared to males. In the study of Thune and Lund (1996) , physical activity showed a negative dose-response relationship with colon cancer risk among females, but not in males. Simons et al. (2013) concluded that regular long-term physical activity and fewer sedentary hours may protect against CRC. The benefit of physical activity on CRC exceeds the protective effect to improving the survival of patients; Meyerhardt et al. (2006) suggested that physical activity after a CRC diagnosis might lower the risk of death from the disease.
As a conclusion from the present study, being physically active and consuming adequate amount of water (not less than 4 cups daily) could reduce the risk of developing CRC, especially in women. Prevention of constipation and having healthy bowel movement may significantly reduce the risk of CRC significantly.
Study limitation
Body weight of cases was measured during the first year after diagnosis, which might be affected by cancer treatment and its side effects. PAR questionnaire depends on participants' recall which may not give the precise physical activity level.
